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(54) Friction stir welding method and component part welded by the method 



(57) Disclosed is a friction stir welding method for 
welding two members (4, 5) to be welded which differ in 
physical properties and/or mechanical properties by 
abutting the two members to each other, inserting a pin 
portion (2) of a rotary tool (1) having the pin portion and 
a shoulder portion (3) to the abutment surfaces of the 
two members (4, 5), and moving the rotary tool (1 ) along 
the abutment surfaces. The pin portion (2) is inserted to 
only one of the members (4), the pin portion is not in- 



serted to the other of the members (5) but only the shoul- 
der portion (3) is set In contact with the other of the mem- 
bers, and, while this condition is maintained, the rotary 
tool (1) is moved. With this method, only the member on 
the side where the pin is inserted can be made to un- 
dergo plastic flow attendant on a friction stir action. The 
metal in plastic flow is pressed against the opposite 
member at an elevated temperature and high pressure, 
whereby diffusion of atoms is caused in the vicinity of 
the abutment surfaces, and the members are welded. 
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Description 

Background of the Invention 

Field of the Invention . s 

[0001] The present invention relates to a friction stir 
welding method for welding by use of a rotary tool having 
a pin portion and a shoulder portion. In addition, the 
present invention relates to a welded component part 10 
obtained by the friction stir welding method. 

Description of the Prior Art 

[0002] The friction stir welding method is a method 15 
wherein a pin portion of a rotary tool made of a materia! 
harder than members to be welded is inserted between 
abutment surfaces of the members to be welded, and 
frictional heat and plastic flow are caused at this abut- 
ment surfaces by rotation and movement of the rotary so 
tool, thereby welding the members. One example of the 
friction stir welding method is described in Japanese 
Patent Laid-open No. 1 1 -1 0368 (1 999). Since the mem- 
bers to be welded can be welded at a temperature equal 
to the melting point or below thereof by the friction stir 
welding, this technique has the effects that strain after 
welding is little, the surfaces of the members remain 
aesthetically good, and so on. 

[0003] The friction stir welding method is suitable for 
welding members which are the same or similar in phys- 30 
ical properties or mechanical properties. However, 
where the members to be welded are conspicuously dif- 
ferent in physical properties, for example, melting point 
or density, or where the members to be welded are con- 
spicuously different in mechanical properties, the trie- 35 
tion stir welding method results in that a defective weld 
is liable to be generated and a sound weld is difficult to 
obtain. 

Summary of the Invention 40 
Object of the Invention 

[0004] It is an object of the present invention to pro- 
vide a friction stir welding method such that even mem- 45 
bers different in physical properties or mechanical prop- 
erties can be welded in good conditions by the friction 
stir welding technique. 

Statement of the Invention 50 

[0005] The present invention resides in that friction 
stir welding is conducted such that members to be weld- 
ed are abutted against each other, a pin portion of a ro- 
tary tool is inserted to one of the members, while the pin 55 
portion is not inserted to the other of the members but 
only a shoulder portion of the rotary tool is brought into 
contact with the other of the members. 



[0006] According to the welding method of the present 
invention, frictional heat and plastic flow due to a friction 
stir action are generated on the side of the member 
where the pin portion of the rotary tool is inserted, the 
frictional head is transferred to the member on the side 
where the pin portion is not inserted, and diffusion of 
atoms is generated in the vicinity of the abutment sur- 
faces of both the members, whereby diffusion bonding 
is achieved. Thus, the present invention is not a con- 
ventional simple friction stirwelding but is a novelfriction 
stir welding. 

[0007] in carrying out the welding method according 
to the present invention, it is desirable that a coat layer 
of a metal capable of easily coupling with the opponent 
member on a metallic basis is provided on one or both 
of the abutment surfaces of the members to be welded, 
in addition, it is desirable that holes are provided in the 
welding surface of the memberto be welded on the side 
where the pin portion of the rotary tool is not inserted. 
Further, it is desirable that an upper surface of the mem- 
ber to be welded on the side where the pin portion of the 
rotary tool is not inserted is covered with the same ma- 
terial as that of the other member to be welded, and the 
shoulder portion of the rotary tool is brought into contact 
with the cover portion. 

Brief Description of the Drawings 

[0008] Other objects and advantages of the invention 
will become apparent from the following description of 
embodiments with reference to the accompanying 
drawings in which: 

Fig. 1 is a plan view showing a friction stir welding 
method according to one embodiment of the 
present invention; 

Fig. 2 is a side view showing the friction stir welding 
method according to the embodiment of the present 
invention, showing the condition before welding; 
Fig. 3 is a side view showing the friction stir welding 
method according to the embodiment of the present 
invention, showing the condition during welding; 
Fig. 4 is a side view showing a friction stir welding 
method according to another embodiment of the 
present invention; 

Fig. 5 is a side view showing an example of per- 
forming friction stir welding by forming a metallic 
coat layer on the welding surface of one of the mem- 
bers to be welded, in another embodiment of the 
present invention; 

Fig. 6 is a side view showing another example of 
performing friction stirwelding by forming a metallic 
coat layer on the welding surface of one of the mem- 
bers to be welded; 

Fig. 7 is a side view showing a further example of 
performing friction stirwelding by forming a metallic 
coat layer on the welding surface of one of the mem- 
bers to be welded; 
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Fig. 8 is a side view of a further embodiment of the 
friction stir welding method according to the present 
invention, showing the condition before welding; 
Fig. 9 is a side view showing the condition during 
welding, in the welding method of Fig. 8; s 
Fig. 1 0 is a side view showing a further embodiment 
of the friction stir welding method according to the 
present invention, showing the condition before 
welding; 

Fig. 1 1 is a side view showing the condition during 10 

welding, in the welding method of Fig. 10; 

Fig. 1 2 is a side view showing another embodiment 

of the present invention; and 

Fig. 13 is a perspective view showing an example 

of a semiconductor apparatus comprising a heat is 

sink produced by the welding method according to 

the present invention. 

Description of the Preferred Embodiments 

20 

[0009] The welding method according to the present 
invention is extremely suitable for welding copper or a 
copper alloy and aluminum or an aluminum alloy, copper 
or a copper alloy and titanium or a titanium alloy, iron or 
an iron alloy and aluminum or an aluminum alloy, and 25 
copper or a copper alloy and iron or an iron alloy. In ad- 
dition, the welding method is suitable also for welding 
magnesium or a magnesium alloy and copper or a cop- 
per alloy, and magnesium or a magnesium alloy and iron 
or an iron alloy. 30 
[0010] Copper and aluminum has a solid solubility at 
room temperature of as extremely low as not more than 
10%, and It is impossible or extremely difficult to weld 
copper and aluminum by an ordinary welding method. 
Even where copper and aluminum are subjected to fric- 35 
Won stir welding by use of a rotary tool having a pin por- 
tion and a shoulder portion, it is difficult to obtain a sound 
weld. According to experiments conducted by the 
present inventors, friction stir welding of copper and alu- 
minum resulted in that void was generated in the weld 40 
and a multiplicity of burrs were generated at the surface 
portion of the weld. 

[0011] By applying the present invention, however, 
even in the case of welding copper and alumin um by the 
friction stir welding method, a sound weld free of voids 45 
and burrs can be obtained. 

[0012] The welding method according to the present 
invention can be applied also to the cases of welding a 
single crystal metal, a directionally solidified metal or a 
powder dispersion reinforced material to an ordinary so 
metallic material. In this case, according to the present 
invention, it is possible to achieve welding without im- 
pairing the single crystal structure, the directionally so- 
lidified structure or the powder dispersion properties. 
The welding method according to the present invention ss 
can be applied also to the cases of welding a ceramic 
and a metallic material, and an organic material and a 
metallic material. 



[0013] Figs. 1 to 3 show one embodiment of the 
present invention. The case of welding aluminum and 
copper will be described as an example. 
[001 4] A rotary tool 1 has a pin portion 2 and a shoul- 
der portion 3. The friction stir welding is conducted by 
inserting the pin portion 2 of the rotary tool 1 to the mem- 
bers to be welded and moving the rotary tool 1 . The pin 
portion 2 is inserted to the side of one of the members 
4, 5 to be welded, and the pin portion 2 is not inserted 
to the side of the other of the members 4, 5 to be welded. 
In this case, the shoulder portion 3 of the rotary tool 1 
is set in contact with the upper surface of the member 
to be welded on the side where the pin portion 2 is not 
inserted, it is desirable that the insertion position of the 
pin portion 2 is as close as possible to the abutment sur- 
faces 6 of the members to be welded. Thus, with the 
rotation and movement of the rotary tool 1 , a friction stir 
action by the pin is generated on the side of the member 
where the pin portion 2 is inserted, resulting in a plastic 
flow phenomenon. On the side of the other member, the 
pin is not inserted, and therefore, the friction stir action 
is not generated. Frictional heat due to the friction stir 
action by the pin is generated only on the side of the 
member where the pin is inserted, and the frictional heat 
is transferred to the member on the opposite side where 
the pin is not inserted, so that the member on the oppo- 
site side is also heated. The vicinity of the pin insertion 
portion of the member where the pin is inserted is in a 
high-temperature high-pressure condition due to the 
centrifugal force and frictional heat generated by the ro- 
tation of the pin. The member in this high-temperature 
high-pressure condition is pressed against the member 
on the opposite side at a high pressure due to the plastic 
flow. As a result, an atom diffusion phenomenon pecu- 
liar to metal is generated at the abutment surfaces 6 of 
both of the members, whereby both of the members are 
diffusion bonded. 

[0015] When a component part welded by the welding 
method according to the present invention is inspected, 
a trace of plastic flow is seen on the side of one of the 
members, and a reaction layer attendant on the diffusion 
of atoms is seen at the abutment surfaces of both of the 
members. Since an intermetallic compound which is a 
brittle material is liable to be formed at the reaction layer, 
it is desirable that the reaction layer is as thin as possi- 
ble, for example, not more than 5 \im in thickness. 
Where the thickness of the reaction layer is as great as 
50 urn or more, the weld is extremely low in mechanical 
strength, and breakage starting from the weld is liable 
to occur. In order to reduce the thickness of the reaction 
layer formed at the welding interface, it is desirable to 
insert the pin portion on the side of the member which 
is lower in melting point. Where the pin portion is insert- 
ed on the side of the member higher in melting point, 
the plastic flow portion reaches a higher temperature, 
so that diffusion is liable to proceed more rapidly, it be- 
comes difficult to control the thickness of the reaction 
layer, and the reaction layer is liable to be formed in a 
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larger thickness, as compared with the case where the 
pin portion is inserted on the side of the member lower 
In melting point. The insertion of the pin portion on the 
side of the member lower in melting point also has the 
effects that the life of the rotary tool can be prolonged, s 
and plastic flow can be caused at a lower temperature. 
The thickness of the reaction layer can be regulated also 
by controlling the rotational speed of the rotary tool. 
[0016] The welding method according to the present 
invention utilizes the plastic flow due to the friction stir 10 
action. Therefore, it. is also desirable to insert the pin 
portion of the rotary tool on the side of the member which 
is more liable to undergo plastic flow. 
[001 7] As a known method for welding two members 
differing in mechanical properties and physical proper- is 
ties, there is a diffusion bonding method. This method 
requires heating the members to be welded in a furnace 
and in vacuum and application of a conspicuously high 
pressure to the abutment surfaces. As compared with 
the diffusion bonding method, the welding method of the 20 
present invention does not require welding in vacuum 
and is extremely easy to carry out. 
[0018] By the method shown in Figs. 1 to 3, an alumi- 
num member 4 and a copper member 5 were welded. 
A rotary tool 1 made of iron and having a pin portion 2 25 
of 6 mm in diameter and 5 mm in length and a shoulder 
portion of 15 mm in diameter was used. Both of the 
members to be welded had a thickness of 6 mm. The 
pin portion 2 of the rotary tool 1 was inserted on the side 
of the aluminum member 4, and welding was conducted 30 
while rotating the tool 1 counterclockwise relative to the 
moving direction of the tool 1 , namely, in the direction of 
arrow 7, with a tool rotational frequency of 1 500 rpm and 
a tool movement velocity of 1 00 mm/min. As a result, a 
sound weld free of defects such as void was obtained. 35 
In addition, pai rs of a single crystal material of nickel and 
stainless steel, a directional crystal material and stain- 
less steel, and an alumina dispersion reinforced alloy 
and carbon steel were welded by the method shown in 
Fig. 1 by inserting the pin portion of the rotary tool on 40 
the side of stainless steel and on the side of carbon 
steel, respectively. In each of the cases, a sound weld 
free of defects was obtained. 

[0019] The rotary tool, in many cases, has a pin por- 
tion which is threaded. Where the pin portion is thread- 45 
ed, the rotating direction of the rotary tool is important. 
For example, where the pin portion is threaded clock- 
wise toward the tip end portion of the pin, it is desirable 
to rotate the rotary tool counterclockwise. Where the pin 
portion is threaded counterclockwise, it is naturally de- so 
sirableto rotate the rotary tool clockwise. Thus, the plas- 
tic flow is caused to occur downwards, so that it is pos- 
sible to prevent the flowing metal from flowing out to the 
surface of the weld portion to form burrs. When the ro- 
tating direction of the tool is inverted, an upward plastic ss 
flow phenomenon occurs, so that the metal in plastic 
flow will flow out to the surface to form burrs on the sur- 
face of the weld, and void will be generated in the weld. 



[0020] According to a method shown in Figs. 4 and 5, 
it is possible to further enhance soundness of the weld 
at the tip end portion of the pin. As for the temperature 
profile in the vicinity of the weld portion in the case where 
the rotary tool is inserted to the members to be welded 
and the profile of frictional heat, the temperature is high- 
est in the vicinity of the center portion of the rotary tool, 
while on the other hand the frictional heat is lowest in 
the vicinity of the tip end of the pin of the rotary tool. In 
order to prevent an unwelded portion from being left at 
the tip end portion of the pin, it is desirable to set the 
center portion of the tip end of the pin close to the abut- 
ment surfaces of the members to be welded. Where the 
abutment surfaces of the members to be welded are in- 
clined, as shown in Fig. 4, and the rotary tool is vertically 
inserted towards the members to be welded from above, 
it is possible to set the center portion of the tip end of 
the pin close to the abutment surfaces. In the case 
where the abutment surfaces of the members to be 
welded are vertical or roughly vertical, the pin portion of 
the rotary tool is slantly inserted toward the abutment 
surfaces as shown in Fig. 5, whereby the center portion 
of the tip endofthepin can be set close to the abutment 
surfaces. 

[0021 ] By the method shown in Fig. 4, a copper mem- 
ber 5 and a titanium member 9 were welded together at 
a rotational frequency of the rotary tool of 1500 rpm and 
a moving velocity of the tool of 50 mm/min, upon which 
a sound weld free of defects was obtained. Copper and 
titanium have a melting point difference of 400°C and a 
solid solubility at room temperature as low as not more 
than 1%. By inserting the pin portion of the rotary tool 
to the side of copper which has a lower melting point 
and is more likely to be plastically deformed, it is possi- 
ble to obtain a sound weld of both metals by the friction 
stir welding technique. 

[0022] Fig. 5 shows an embodiment of welding two 
members by providing the welding surface of one of the 
members with a coat layer of a metal capable of being 
easily coupled with the other of the members on a me- 
tallic basis. The coat layer of a metal may be provided 
on either one or both of the members to be wefded. 
Where the coat layer of a metal is provided on one of 
the members, the coat, layer should be provided on the 
side where the pin portion of the rotary member is not 
inserted. In this case, as shown, the pin can be inserted 
up to the portion of the coat layer. Where a coat layer of 
a metal capable of being easily coupled with both mem- 
bers on a metallic basis is preliminarily provided on the 
welding surface or surfaces of one or both of the mem- 
bers to be welded, there is obtained the effect of causing 
diffusion to swiftly proceed without increasing the thick- 
ness, of the reaction layer. By the method shown in Fig. 
5, an iron member 1 0 and an aluminum member 4 were 
welded by providing a nickel-plating layer 11 of 10 jum 
in thickness on the surface of the iron member 1 0. In the 
case of welding iron and aluminum, there is the tenden- 
cy that the thickness of the reaction layer formed on the 
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welding surfaces will be large, but nickel has the effect 
of suppressing the thickness of the reaction layer to be 
small. According to the present embodiment, welding 
was conducted at a rotational frequency of the tool of 
2000 rpm and a moving velocity of the tool of 50 mm/ s 
mln. As a result, the thickness of the reaction layer was 
as small as not more than 0.5 u.m, and a weld having 
the same degree of tensile strength as the aluminum 
member was obtained. The weld was free of defects 
such as voids. 10 
[0023] Fig. 6 shows the case of providing a coat layer 
of a metal on the welding surface of one of the members 
to be welded, in the method shown in Fig. 4. A layer 12 
of a solder materia) composed of silver and copper and 
having a melting point of 800°C was clad on the surface 15 
of an iron member 1 0 by pressure welding, and welding 
of the iron member 1 0 and a copper member 5 was con- 
ducted at a rotational f req uency of the rotary tool of 2000 
rpm and a moving velocity of the tool of 10 mm/min, up- 
on which a sound weld free of defects was obtained. In zo 
the case of welding of iron and copper, it is preferable 
to suppress the thickness of the reaction layer formed 
at the welding surfaces to or below 0.5 urn, and this can 
be achieved by themethod according to the present em- 
bodiment. 25 
[0024] Fig. 7 shows an embodiment in which a coat 
layer of a metal is provided in a large thickness on the 
welding surface of one of the members to be welded, 
andfrictional stir welding is conducted by inserting a pin 
portion of a rotary tool between the other of the members so 
and the metal coat layer. A stainless steel member 13 
and a copper alloy member 1 4 each being 5 mm in thick- 
ness, 100 mm in width and 200 mm in length were sub- 
jected to friction stir welding by providing a clad layer 1 5 
of 1 0 mm in thickness of the same material as the copper 35 
alloy member 14 on the surface of the stainless steel 
member 13 and using a rotary tool having a pin portion 
diameter of 3 mm, a pin length of 4.5 mm and a shoulder 
portion diameter of 8 mm, upon which a sound weld free 
of defects was obtained. 40 
[0025] According to the method shown in Fig. 7, weld- 
ing of a copper alloy member and an aluminum member 
was also conducted. Both members were 2 mm in thick- 
ness, 100 mm in width and 5 mm in length. A clad layer 
of 5 mm in thickness of the same material as the alumi- 45 
num alloy member was provided on the copper alloy 
side by cold rolling. A rotary tool having a pin portion 
diameter of 2 mm, a pin length of 1 .5 mm and a shoulder 
portion diameter of 5 mm and provided with a spiral 
thread clockwise toward the tip end of the pin was used, 50 
The pin portion of the rotary tool was inserted so as to 
be astride the aluminum member and the clad layer. As 
a result, a sound weld free of defects was obtained. 
[0026] By the method shown in Fig. 7, a ceramic 
member consisting of aluminum nitride and an alumi- 55 
num alloy were welded. A clad layer of 4 mm in thickness 
of the same material as the aluminum member was pre- 
liminarily formed on the ceramic member side. As a re- 



suit, good welding could be achieved. 
[0027] in the case where two members differing in 
physical properties and mechanical properties are sub- 
jected to frictionai stir welding by the method of the 
present invention, stirring and mixing of both members 
may slightly occur in me vicinity of the upper surface 
with which the shoulder portion of the rotary tool makes 
contact. In order to suppress the stirring and mixing, it 
is desirable to chamfer the upper surface of the member 
on the side where the pin is not inserted and to projected 
a part of the member on the side where the pin is insert- 
ed to the chambered portion so as to form a roof there, 
as shown in Figs. 8 and 9. In addition, as shown in Figs. 
1 0 and 11 , it is desirable that a plate of the same material 
as the member on the side where the pin is inserted is 
disposed on a portion with which the shoulder portion of 
the rotary tool makes contact. Figs. 8 and 9 show an 
example of welding of an aluminum member 4 and a 
copper member 5, in which part of an upper portion of 
the copper member 5 is slantly cut off, part of the alu- 
minum member 4 is projected there to form a roof 4a, 
and the shoulder portion 3 of the rotary tool 1 is brought 
into contact only with the aluminum member. Figs. 10 
and 11 show an example of welding in which a plate 16 
of the same material as the aluminum member 4 is dis- 
posed at an upper portion of the abutment surfaces of 
the aluminum member 4 and the copper member 5, and 
welding is conducted under the condition where the 
shoulder portion 3 does not make contact with the cop- 
per member 5. Thus, stirring and mixing of both mem- 
bers in the vicinity of the upper portion with which the 
shoulder portion makes contact can be suppressed. The 
methods as shown in Figs. 8 to 1 1 were found effective 
for practical welding of copper and aluminum and of cop- 
per and titanium. 

[0028] Fig. 12 shows an example of welding two 
members to be welded in which the welding surface of 
one of the members is provided with a hole or holes. 
The hole or holes 1 7 are provided on the side where the 
pin of the rotary tool is not inserted. One or a plurality of 
the holes may be provided. The hole is desirably smaller 
at the entrance and larger in the inside. When friction 
stir welding is conducted according to the present inven- 
tion in this manner, a metal in plastic flow enters the hole 
or holes 17. As a result, the portion of the hole or holes 
plays the role of a wedge, whereby mechanical connec- 
tion is added. Thus, a component part based on both 
diffusion bonding and mechanical connection can be 
obtained. It was verified that this method was effective 
in welding iron and aluminum. 

[0029] The welding method according to the present 
invention is applicable to a wide field, such as compo- 
nent parts of a heat exchanger, component parts of an 
automobile, component parts of a semiconductor appa- 
ratus, component parts of a generator, or component 
parts of a railroad vehicle. Fig. 1 3 shows an example of 
a semiconductor apparatus in which semiconductor de- 
vices 21 are mounted on a heat sink 30 manufactured 
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by application of the welding technique according to the 
present invention. The heat sink 20 has a structure in 
which abutment surfaces 24 of aluminum 22 and copper 
23 are welded by the friction stir welding according to 
the present invention, fins are provided on the side of 5 
aluminum 22, and semiconductor devices are mounted 
on copper 23. The semiconductor devices 21 and an 
insulating substrate 25 are soldered to each other, and 
the insulating substrate 25 and copper 23 are also sol- 
dered to each other. 10 
[0030] While the invention has been described in its 
preferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that changes within the pur- 
view of the appended claims may be made without de- 15 
parting from the true scope and spirit of the invention in 
its broader aspects. 



Claims *> 

1 . A friction stir welding method for welding by insert- 
ing a pin portion (2) of a rotary tool (1) having said 
pin portion and a shoulder portion (3) to abutment 
surfaces of two members (4, 5, 9, 10) to be welded 25 
which differ in physical properties and/or mechani- 
cal properties, and moving said rotary tool (1 ) along 
said abutment surfaces, 

characterized in that 

said pin portion (2) is inserted only to one of 30 
said members (4), said pin portion (2) is not inserted 
to the other of said members (5), only said shoulder 
portion (3) is set in contact with the other of said 
members, and, while this condition is maintained, 
said rotary tool is moved. 35 

2. Friction stir welding method according to claim 1 , 
characterized in that said pin portion (2) of said 
rotary tool (1) is inserted to the member having a 
lower melting point, of said two members to be 40 
welded. 

3. Friction stir welding method according to claim 1 or 
2, characterized in that said pin portion (2) of said 
rotary tool (1 ) is inserted to the member, of said two 45 
members to be welded, which is more likely to be 
plastically deformed. 

4. Friction stir welding method according to one of the 
claims 1 to 3, characterized in that a rotary tool (1 ) so 
tapered towardthe tip end of a pin portion (2) is used 

as said rotary tool, and said pin portion (2) is insert- 
ed slantly to said abutment surfaces so that the tip 
end of said pin portion (2) approaches said abut- 
ment surfaces of said members to be welded. ss 

5. Friction stir welding method according to claim 4, 
characterized in that said abutment surfaces (6) 



of said two members (4; 5) to be welded are set ver- 
tical or roughly vertical and said pin portion (2) of 
said rotary tool (1) is inserted slantly so that the tip 
end of said pin portion approaches said abutment 
surfaces (6). 

6. Friction stir welding method according to claim 4, 
characterized in that said abutment surfaces (6) 
of said two members (5; 9) to be welded are in- 
clined, and said pin portion (2) of said rotary tool (1 ) 
is inserted vertically to said members (5, 9) so that 
the tip end of said pin portion approaches said abut- 
ment surfaces. 

7. Friction stir welding method according to one of the 
preceding claims, characterized in that said rotary 
tool (1) is threaded clockwise toward the tip end of 
said pin portion, and said rotary tool is rotated coun- 
terclockwise relative to the moving direction of said 
rotary tool. 

8. Friction stir welding method according to one of the 
preceding claims, characterized in that a part of 
the upper surface of one of said members (5) on the 
side where said pin portion (2) is not inserted is cut 
off, the other of said members (4) on the side where 
said pin portion is inserted is projected (4a) to said 
cut-off part, and said shoulder portion (3) of said ro- 
tary tool is set in contact with said projected portion. 

9. Friction stir welding method according to one of the 
preceding claims, characterized in that a plate 
(1 6) of the same material as said member (4) on the 
side where said pin portion of said rotary tool is in- 
serted is disposed at an upper portion of said abut- 
ment surfaces of said two members (4, 5) to be 
welded, and said shoulder portion (3) of said rotary 
tool (1) is set in contact with said plate (1 6). 

10. Friction stir welding method according to one of the 
preceding claims, characterized in that one of said 
members (4) to be welded is aluminum or an alumi- 
num alloy, while the other of said members (5) is 
copper or a copper alloy, and said pin portion (2) of 
said rotary tool (1 ) is inserted to the side of said alu- 
minum or aluminum alloy. 

1 i . Friction stir welding method according to one of the 
claims 1 to 9, characterized in that one of said 
members (9) to be welded is titanium or a titanium 
alloy, while the other of said members (5) is copper 
or a copper alloy, and said pin portion (2) of said 
rotary tool is inserted to said copper or copper alloy. 

12. Friction stir welding method according to one of the 
claims 1 to 9, characterized in that one of said 
members to be welded is iron or an iron alloy, while 
the other of said members (4) is aluminum or an 
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aluminum alloy, and said pin portion of said rotary 
tool is inserted to said aluminum or aluminum alloy. 

13. Friction stir welding method according to one of the 
claims 1 to 9, characterized in that one of said 5 
members to be welded is iron or an iron alloy, while 
the other of said members is copper or a copper 
alloy, and said pin portion (2) of said rotary tool (1) 

is inserted to said copper or copper alloy. 

10 

14. A friction stir welded component part which is weld- 
ed by the method according to at least one of the 
preceding claims, characterized in that a trace of 
plastic flow attendant on a friction stir phenomenon 

is seen in the vicinity of the weld portion of one of 15 
said members, and a reaction layer due to diffusion 
of atoms is seen at the weld portion of both of said 
members. 

15. A semiconductor apparatus comprising a semicon- 20 
ductor device on a heat sink composed of the fric- 
tion stir welded component part according to claim 

14. 

1 6. A friction stir welding method for abutting and weld- 25 
:ing two members to be welded which differ in phys- 
ical properties and/or mechanical properties by a 
friction stir welding technique by use of a rotary tool 

(1) having a pin portion (2) and a shoulder portion 
(3), so 
characterized in that 

a welding surface of at least one of said two 
members is covered with a metal (11 ; 12; 15) capa- 
ble of being coupled with both of said members on 
a metallic basis, said pin portion (2) of said rotary 35 
tool (1) is inserted to said members from above the 
abutment surfaces of said members, wherein said 
pin portion (2) of said rotary tool is inserted in the 
state of being biased to the side of the other of said 
members so that said pin portion is inserted to the 40 
coat layer (11; 12; 15) of said metal formed on one 
of said members but does not reach said one of said 
members, said shoulder portion (3) of said rotary 
tool (1) is set in contact with said one of said mem- 



18. Friction stir welding method according to claim 16, 
characterized in that one of said members (1 0) to 
be welded is iron or an iron alloy : while the other of 
said members (5) is copper or a copper alloy, the 
welding surface of said iron or iron alloy is coated 
(12) with an alloy of silver and copper, and said pin 
portion (2) of said rotary tool is inserted to said cop- 
per or copper alloy, wherein said pin portion is in- 
serted to said silver-copper alloy coat layer but is 
not inserted to said iron or iron alloy. 

19. Friction stir welding method according to claim 16, 
characterized in that one of said members (13) to 
be welded is stainless steel, while the other of said 
members (14) is copper or a copper alloy, the weld- 
ing surface of said stainless steel is coated (15) with 
the same material as the other of said members, 
and said pin portion of said rotary tool is inserted to 
said copper or copper alloy, wherein said pin portion 

(2) is inserted to said copper or copper alloy coat 
layer (15) formed on the side of said stainless steel 
but is not inserted to said stainless steel. 

20. A friction stir welding method for welding two mem- 
bers to be welded which differ in physical properties 
and/or mechanical properties by friction stir welding 
by use of a rotary tool having a pin portion and a 
shoulder portion, 

characterized in that 

the welding surface of one of said members 
(5) is provided with at least one hole (17), said hole 
being narrower at an entrance portion thereof than 
the inside thereof, said pin portion (2) of said rotary 
tool (1) is inserted on the side of said member (4) 
not provided with said hole, said shoulder portion 

(3) of said rotary tool is set in contact with said mem- 
ber (5) provided with said hole, and, while this con- 
dition is maintained, welding is conducted, whereby 
part of said member on the side of insertion of said 
pin portion being in plastic flow attendant on the ro- 
tation of said rotary tool is caused to flow into said 
hole. 



bers (1 0) on the side where said pin portion is not 45 
inserted, and, while this condition is maintained, 
welding is conducted. 

17. Friction stir welding method according to claim 16, 
characterized in that one of said members (1 0) to so 
be welded is iron or an iron alloy, while the other of 
said members (4) is aluminum or an aluminum alloy, 
a welding surface of said iron or iron alloy is coated 
with nickel (11), and said pin portion (2) of said ro- 
tary tool (1) is inserted to said aluminum or aiumi- 55 
num alloy, wherein said pin portion is inserted to 
said nickel coat layer but is not inserted to said iron 
or iron alloy. 
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Friction stir welding of two different materials with 
improved edge design of the workpieces. 
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4. claim: 20 
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